Invasive apocrine carcinoma (IAC) of the breast is a rare subtype of breast malignancy. Its incidence is not well known, but it is approximately less than 1% to 4%. For these reasons, there are few reports and little information on the radiologic appearance of IAC. Furthermore, most of the case reports show malignant features which are similar to invasive ductal carcinoma (IDC). We present a rare case of IAC without typical malignant feature on mammography, and ultrasonography (USG). Imaging findings on computed tomography (CT), magnetic resonance imaging (MRI), and 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT are also presented. The nodule in our case showed a relatively benign feature on USG and it is the first case of IAC with unusual findings. Therefore, this report may encourage radiologists to consider the malignant potential and perform pathologic correlation even if a newly developed nodule does not present with a typical malignant feature on USG.
Introduction
Apocrine gland lesions of the breast have various benign and malignant features. Malignant apocrine lesions of the breast include apocrine ductal carcinoma in situ (ADCIS) and invasive apocrine carcinoma (IAC) (1) . IAC is a distinctive and rare subtype of breast malignancy that consists of more than 90% of apocrine differentiation (1, 2) . The incidence of IAC is reported as less than 1% to 4% of female invasive carcinoma (3) . Microscopically, IAC shows identical architectural growth pattern as invasive ductal carcinoma (IDC) of no special type (NOS), differing only in cytologic appearance (4) . In addition, IAC has a similar clinical presentation and overall patient survival rate similar to IDC of NOS (3) . There are few case reports on radiologic findings of IAC, but all cases show comparable malignant appearance to IDC (5) (6) (7) (8) . Herein, we present a rare case of IAC with its multiple radiologic modality findings that suggests a benign rather than malignant feature on initial ultrasonography (USG) and mammography and the pathologic correlation.
Case Presentation
A 61-year-old woman presented to our hospital due to an abnormal finding on screening mammography. There was no palpable lesion, pain or nipple discharge on physical examination at the time of the visit. The patient had a history of excision and biopsy on her left breast 9 years before that confirmed fibroadenoma in our medical center.
Mammography showed a newly developed partly indistinct oval isodense nodule in the upper center of the right breast without any microcalcification (Figure 1 ). Therefore, we categorized this lesion as breast imaging reporting and data system (BI-RADS) category 0 and recommended breast USG. USG images showed an oval circumscribed hypoechoic nodule about 1.0 cm in size with an internal cystic portion and peripheral vascularity in the upper center portion of the right breast that correlated with the mammographic finding ( Figure 2 ). We assumed this lesion as BI-RADS category 4A. Invasive carcinoma was diagnosed based on findings from USG guided core needle biopsy. The pathologist suggested apocrine, oncocytic and glycogen-rich carcinomas for differential diagnosis.
Chest computed tomography (CT) showed a mild enhanced lesion in the upper center and outer portion of the right breast, but there was no evidence of lung metastasis ( Figure 3 vealed abundant eosinophilic cytoplasm with prominent nuclei in the tumor ( Figure 6A ). Immunohistochemical stain showed estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 negativities, and gross cystic disease protein fluid-15 (GCDPF-15) positivity ( Figure 6B ). Cyclophosphamide, methotrexate and fluorouracil combination chemotherapy was administered for the patient.
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Discussion
The change of breast epithelium to apocrine epithelium is relatively common resulting in a wide range of benign and malignant pathologies (1). Malignant lesions due to apocrine change of the breast can be divided into ADCIS and IAC (1). IAC was initially described by Krompecher in 1916, and is now defined as more than 90% of apocrine differentiated neoplastic cells (1, 9) . The incidence of IAC is reportedly variable from less than 1% to 4% (8). However, the definite incidence of IAC remains unknown currently, because there is no standardized consensus on the standard diagnostic criteria for IAC, despite the diagnostic criteria of Japaze et al. in 2005 (3) . IAC is thought to have similar clinical, macroscopic and histological features as IDC of NOS (1, 3, 4) . Both diseases have a greater likelihood in women over 40 (10) . In general, hormonal factors such as nulliparity, first child after 30, early menarche, and late menopause increase the risk of breast cancer (1, 10) . Continuous stimulation of sex hormones such as androgen seems to be related to the development of apocrine metaplasia in the breast (1). Physical examination varies from asymptomatic to the presence of a palpable mass with or without bloody nipple discharge (6, 10) . The death rate of recurrent breast cancer occurs in 5 to 8% of the cases, which is similar to IDC (10).
Microscopically, IAC presents almost the same architectural growth pattern as IDC of NOS, but it shows difference only in its cytological appearance (8) . The cells are characterized by typical apocrine features such as abundant, eosinophilic granular cytoplasms, and prominent or multiple nucleoli (3). According to emerging evidence, apocrine carcinomas tend to show ER, PR and Bcl-2 negativity and androgen receptor positivity and expression of GCDPF-15 (1). A histopathological report indicated that GCDPF-15 positivity was correlated with small size, negative lymph node, and lower histologic grade of the tumor. Likewise, our case showed the same immunohistochemical stain result (1). Several reports suggest that apocrine carcinomas show a unique response to androgen (such as fluoxymesterone) administration as a part of treatment, but there is no standardized treatment option for IAC (8) .
Radiologic appearance of IAC is difficult to classify by the available modalities because of the limited information. Gilles et al. reported that most of the mammographic findings of IAC are associated with microcalcification with no different features from IDC (6). Also, Onoue et al. reported a case of IAC that showed an oval circumscribed hyperdense nodule with microcalcification in mammography (7). Gokalp et al. showed an irregular shaped IAC with microcalcification (5). Seo et al. presented five case reports with mammographic findings in three cases (8) . One case showed an irregular, partly indistinct hyperdense nodule and the other presented as an asymmetry (8) . In contrast, our mammography showed a partly indistinct oval isodense nodule without any microcalcification. According to several previous case reports, IAC shows variable sonographic appearances including irregular shaped, non-circumscribed solid mass with heterogeneous internal echo pattern (5, 7, 8) . Onoue et al. reported two oval hy- cases that showed two different IACs; one with a solid spiculated angular shape and the other as a complex cyst containing solid components and thick septa (5). Seo et al. reported five cases that all showed irregular solid masses with heterogeneous internal echo patterns and noncircumscribed margins (8) . In this case, USG showed an oval circumscribed hypoechoic nodule with an internal cystic change. To the best of our knowledge, there is only one case report on MRI findings of IAC. Seo et al. reported IAC with rapid, heterogeneous enhancement during the initial phase and washout in the delayed phase (8) . Our MRI showed oval spiculated nodule with rapid, rim enhancement and delayed washout pattern that was similar to the case reported by Seo et al. (8) . Most authors agree that it is difficult to differentiate IAC from IDC by radiologic appearance alone (5) (6) (7) (8) . Moreover, there is no established specific radiologic finding of IAC yet.
As described above, several previous case reports on radiologic findings of IAC demonstrated relative malignant features; furthermore, it is accepted that it is not different from IDC in radiologic appearance (5) (6) (7) (8) . However, our case of IAC showed comparatively unusual appearance in mammography and USG. In addition, it did not contain microcalcification in mammography, as in previous cases. To the best of our knowledge, this is the first case report on IAC presenting as non typical malignant feature. In conclusion, radiologists should consider the malignant potential of newly developed nodule and evaluate the lesion pathologically despite the benign feature seen with radiologic imaging modalities. Financial Disclosure: The manuscript has not been published before or is not under consideration for publication anywhere else and has been approved by all co-authors in the title page.
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